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Abstract 
This study successfully developed the electrode microchip to rapidly detect the ketamine (KET) and luteinizing 
hormone (LH) concentration by using the competitive and sandwich immunoassay, respectively. Our strategy was 
that the AuNPs were introduced into the electro-microchip by the specific binding of the antibodies and constructs a 
“bridge” between two electrodes allowing the electrons to pass. When the detection frequency was increased from 
100 Hz to 1000 kHz, the clearly impedance distinguishment was occurred at 100 Hz. The detectable concentration 
limits for KET and LH were 50 ng/mL and 20 mIU/mL, respectively.  Therefore, the developed electro-microchip 
has advantages for the smaller sample volume (30 μL), rapid quantitative measurement, and smaller detectable 
concentration than the commercial detection products (KET: 100 ng/mL, and LH: 80 mIU/mL). 
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1. Introduction 
The commercial detection products for detecting the ketamine (KET) and luteinizing hormone (LH) 
concentration were used the color difference between the control line and test line observed by naked 
eyes for qualitative analysis. Recently, the gold nanoparticles (AuNPs) were used to improve 
immunogold labeling technique for signal amplification, and the micro-electrode was used to detect the 
immune-response detection [1]. Our study was used the electro-microchip to detect the impedance 
difference of various KET and LH concentrations by using the LCR meter. 
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2. Material and method 
The principles of the competitive and sandwich methods for KET and LH on the electrode microchip 
were illustrated in Fig. 1 and Fig. 2. After using the SAM modification on the microchip surface (Fig. 3), 
the KET and the bovine serum albumin (BSA) conjugation and antibody were easily immobilized on the 
microchip [2]. The electrode microchip consisted of the two components: the parallel ITO electrodes (20 
ȝm of gap size) and a circular reaction well. The measurement system included a LCR meter (E4980A, 
Agilent Corporation), which was the main instrument used to measure the variation of impedance, (ii) an 
electro-microchip, and (iii) a PC, which was used for impedance analysis. 
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Fig. 1. Schematic drawing of the developed competitive method procedure on the electrode microchip. 
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Fig. 2. Schematic drawings of the developed sandwich method procedure on the electrode microchip.  
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Fig. 3. Schematic drawing of chemical modification on the microchip surface by using the SAM method.  
3. Results and discussions 
After the competitive reaction for various KET concentrations in 7 min, we found that when the 
detection frequency was increased from 100 Hz to 1000 kHz, the impedances of the KET concentration 
were decreased. The clearly impedance distinguishment for various concentrations was observed below 
10 kHz. When the KET concentration was decreased from 200 ng/mL to 0 ng/mL, the impedance was 
gradually decreased, and the detectable concentration limit was 50 ng/mL (Fig. 4(a)). For the linearity 
regression of the various KET concentrations at a fixed frequency, the results at the frequency of 5 kHz 
and 10 kHz had a good linearity, but the bigger impedance difference among the various KET 
concentrations was at 100 Hz (Fig. 4(b)). For the LH concentration detection, when the LH concentration 
was decreased from 80 ng/mL to 0 ng/mL, the impedance was gradually increased, and the detectable 
concentration limit was 20 mIU/mL (Fig. 5(a)). For the linearity regression for the various LH 
concentrations at a fixed frequency, the R square was around 0.85 below 100 kHz (Fig. 5(b)), so the 
relationship between the impedance and LH concentrations was not better linearity. The bigger 
impedance difference among the various LH concentrations was also at 100 Hz. 
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Fig. 4. (a) Impedance measurement results of the different KET concentrations (0, 50, 100, 150, and 200 ng/mL) under the 
frequency range from100 Hz to 1000 kHz. (b) The linear regression analysis under the different frequencies (100 Hz, 1 kHz, 5 kHz, 
10 kHz, and 100 kHz). 
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Fig. 5. (a) Impedance measurement results of the different LH concentrations (Negative control, 20, 40, 60, and 80 ng/mL) under the 
frequency range from 100 Hz to 1000 kHz. (b) The linear regression analysis under the different frequencies (100 Hz, 1 kHz, 5 kHz, 
10 kHz, and 100 kHz). 
4. Conclusions 
The developed electrode microchip was successfully used to detect the various KET and LH 
concentrations by using the LCR meter. After the SAM modification on the microchip, the detectable 
limits of the KET and LH concentration were 50 ng/mL and 20 mIU/mL, respectively. Moreover, the 
clearly impedance distinguishment was occurred at 100 Hz. Therefore, the developed microchip can be 
applied to detect the other biological diagnostic tests for quantitative detection in the future. 
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